We compared the Beckman Cl/CO2 Analyzer to the American Instrument Company chloride titrator for measurement of chloride in serum, sweat, and spinal fluid. We also compared it to the Natelson gasometer and a modified continuous-flow (AutoAnalyzer) technique for measurement of carbon dioxide in serum. Effects of bilirubin and hemoglobin on results for both the C02, and Cl were negligible. The linearity, stability, and precision of the equipment was studied. We believe the Beckman Cl/CO2 Analyzer to be ideal for simultaneous measurement of chloride and carbon dioxide in a pediatric or emergencydetermination setting. and other chloridometers require 20-40 zl of specimen for the chloride determination alone, whereas the Beckman Cl/CO2 analyzer only requires 10 zl of sample for simultaneous determination of CO2 and chloride.
Equipment and Principles
The Beckman Cl/CO2 analyzer is a semi-automated instrument for the simultaneous determination of CO2 and chloride in samples of serum, spinal fluid, or sweat. The operator has merely to add samples, adjust calibration controls, and read the results directly from a digital display. Figure 1 shows a diagram of the reaction cup of the Cl/CO2 analyzer. Figure 2 shows the complete arrangement of the instrument.
Chloride Determination
The measurement of chloride is based on fixed-generation coulometric titration (2). Here a servo-adaptive technique has modified the fixed-generation principle and is based on the work of Buzza et al. 
Ag + e -Ag#{176} (cathode)
In the presence of chloride from the sample, the free silver ion concentration, and thus the amperometric pair current, is very low, and this causes the coulometric generator to start producing silver ions through the reaction:
Ag#{176} + e -Ag at the silver anode. As the chloride becomes decreased by reaction with the silver ion generated to produce silver chloride through the reaction Ag + ClAgC1, the silver concentration increases, causing more current to flow through the amperometric pair. This current instructs the servo circuitry to reduce the voltage applied to the generating pair (platinum cathode and large silver anode) to slow the rate of silver generation as the end point is approached. The end point is defined as the silver ion concentration that is sufficient to give an amperometric current exceeding a pre-set level, at which the voltage applied to the generator pair is shut off and the coulometric titration stopped. The total electric charge passed through the generator pair is provided by continuous electronic integration of the generator current. This charge is directly proportional to the quantity of chloride in the sample, and is displayed in mmol/liter.
Carbon Dioxide Measurement
The principle of CO2 measurement is the rate of change of pH as carbon dioxide gas is liberated from an acidified sample. It shares this feature with a variety of frequently used methodologies (4, 5). All forms of carbon dioxide are converted into carbon dioxide gas:
A fixed proportion of the liberated carbon dioxide gas passes through the silicone rubber membrane covering the pH electrode ( Figure 1 ). This diffusing CO2 lowers the pH of the bicarbonate solution, which is located between the membrane and the pH electrode. The rate of change in pH is directly proportional to the carbon dioxide concentration in the sample. The rate signal is compared to an identical electrode that is used as a reference and is not in contact with liberated CO2 gas. The difference in rate signals is converted into a digital form for display directly in millimoles of carbon dioxide per liter.
As each measurement is completed, the bicarbonate solution between the membrane and electrode is automatically renewed with fresh solution to return the pH of the reagent surrounding the electrode to its original value.
In all cases the sample is introduced by using a Beckman blue-tipped pipettor and disposable pipette tips (cat. No. 671399F and 651576, respectively).
Reagents
Chloride/CO2 reagents:
The active ingredient is H2S04, 60 mmol/liter. Both of these reagents are supplied by Beckman Instrument, Inc., Clinical Instrument Division, Fullerton, Calif. 92634. Figure 2 illustrates the flow of reagents through the system.
Results

Analytical Variables
Within-run precision.
We assessed within-run precision by injecting 20 samples of the same control sera without recalibrating the instrument. These 20 replicate analyses were done at 10 different intervals during the day, by different technologists. Some operator-tooperator pipetting differences are seen; this was probably particularly notable because each operator did not recalibrate the instrument. We evaluated this by assaying three different control sera with high, low, and normal values for both chloride and CO2 each time the instrument was used for an operation. Duplicate analyses were done on each of the three different controls after the usual calibration with the standard containing 100 mmol of Cl and 30 mmol of CO2 per liter. Our results are shown in Table 2 . The mean coefficients of variation were 1.1% and 2.6% for chloride and C02, respective-
Linearity.
To see whether the relation between expected and observed results was linear, we first calibrated the instrument with the 100 mmol/liter Cl, 30 mmol/liter CO2 standards.
We then analyzed several other standards in triplicate without recalibrating during the experiment.
The chloride assay was linear from 9 to 352 mmol/liter, the CO2 from 5 to 50 mmol/ liter, values that would include most clinical samples without any preliminary dilution.
Calibration stability.
We calibrated the instrument with the 100 mmol/liter Cl, 30 mmol/liter CO2 standard. The same normal control serum was assayed in triplicate at 15-mm intervals, the sample being stoppered between determinations.
Calibration settings were not changed during this experiment, which was continued for 3 h. Values for both chloride and CO2 were very stable during this interval. The mean value for the chloride was 102.6 mmol/liter (SD, 0.34 mmol/liter), that for CO2 was 24.3 mmol/liter (SD, 0.39 mmol/liter).
Correlation
Serum chloride. In these correlation studies, we took care between analyses to protect the sample from loss of CO2 or evaporation.
All correlation studies were performed as nearly simultaneously as possible. Duplicate assays were done for each comparison method and the instrument calibration was checked after every 10 injections. For the chloride correlation we used the Beckman Chloride CO2 analyzer and the American Instrument Chloride Titrator, we used serum, and we did 224 analyses. Statistically summarized, the results are: r = 0.9977 andy (Beckman) = -1.5 + 1.0199x.
Sweat chloride. A similar experiment was performed to compare results for chloride in sweat samples. (Some 
Effect of bilirubin.
Because the Beckman Cl/CO2 Analyzer was being evaluated in a pediatric setting, where sera with high bilirubin content are common, we evaluated bilirubin interference with the method. Pooled serum was analyzed for CO2 and chloride. Increasing amounts of bilirubin were added to give values of 44.4 imol/liter (2.6 mg/dl) through 359.1 tmol/liter (21.0 mg/dl). The determinations were done in duplicate. Table 3 shows that there was no measurable effect of bilirubin on either analysis.
Effect of hemolysis.
Grossly hemolyzed serum (6.21 g of hemoglobin per liter) was added in various amounts to a pooled serum and CO2 and chloride were measured in each such supplemented sample. Table 4 shows that hemolysis up to a concentration of 51.1 g of hemoglobin per liter did not interfere with measurement of either analyte.
Discussion
The Beckman Cl/CO2 Analyzer appears to offer several distinct advantages over many of the previous methods available for the analysis of chloride and carbon dioxide: precision and accuracy are coupled with speed. The instrument can also be used for the analyses for chloride in spinal fluid and sweat; the latter is particularly helpful in a pediatric setting because it provides an easy method for assessing children at risk for cystic fibrosis.
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